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57 ABSTRACT 
A fixed pitch wind turbine rotor (18) is teeter mounted 
(76, 78,80) onto a low speed input shaft (44) which is 
connected to the input (58) of a step-up transmission 
(46). The output (48) of the transmission (46) is con 
nected to a rotary pole amplitude modulated induction 
machine (42) which is operable as a generator at a plu 
rality of discreet speeds of rotation and is also operable 
as a startup motor for the rotor. A switch (45) respon 
sive to the rotational speed of the wind turbine rotor 
switches the generator from one speed of operation to 
the other. The rotor hub (72) and the inner body por 
tions (71) of two blades (68,70), which extend radially 
outwardly in opposite directions from the hub (72), are 
constructed from steel. The outer end portions (73) of 
the blade (68,70) are constructed from a lighter mate 
rial, such as wood, and are both thinner and narrower 
than the remainder of the rotor. The outer end section 
(73) of each blade (68,70) includes a main body portion 
and a trailing edge portion (104) which is hinge-con 
nected to the main body portion. Each blade (68, 70) 
includes a centrifugal force operated positioning means 
(98, 100) which normally holds the drag brake section 
(104) in a retracted position, but operates in response to 
a predetermined magnitude of centrifugal force to move 
the drag brake (104) section into its deployed position. 
Each blade has an airfoil cross section and each blade 
(68,70) has a plus twist inner portion adjacent the hub 
(72) changing to first a zero twist and then a minus twist 
as it extends radially outwardly from the hub (72). 

19 Claims, 20 Drawing Figures 
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1. 

WIND TURBINE ROTOR 

DESCRIPTION 
1. Technical Field 
This invention relates to wind powered systems for 

generating electricity, and in particular to rotors for 
large wind turbine systems sized to generate electricity 
for utilities. 

2. Related Application 
This application is copending with a companion ap 

plication Ser. No. 537,750, filed Sept. 29, 1983, and 
entitled “Wind Powered System For Generating Elec 
tricity'. The contents of that application are hereby 
expressly incorporated into this application by specific 
reference. 

3. Background Art 
A history of the development of wind energy is pres 

ented by the publication entitled, "Wind Energy Devel 
opments. In The Twentieth Century', published by the 
Lewis Research Center of the National Aeronautics and 
Space Administration, Cleveland, Ohio, in 1979. A 
predecessor to the subject wind turbine system, termed 
the "Mod-2 Wind Turbine', is described both in that 
publication and in another publication simply entitled, 
"Mod-2', published by the Bonneville Power Adminis 
tration, U.S. Department of Energy. 
The “Mod-2' wind turbine system comprises a 300 ft. 

diameter turbine rotor composed of two variable pitch 
blades. The first Mod-2 generator was incorporated into 
the Bonneville Power Administration grid in early 
1981. Since that time, two additional Mod-2 generators 
have been incorporated into the grid. 
A fixed pitch wind turbine rotor offers a simplifica 

tion and lower cost over that of a controllable blade 
pitch wind turbine rotor. However, a fixed pitch rotor 
is harder to start because the blade pitch for efficient 
operation is different from that for good starting. A 
proposed solution to this problem is to use the generator 
that is driven by a wind turbine rotor as a motor during 
startup to bring the wind turbine rotor up to operating 
speed. This concept is proposed in U.S. Pat. No. 
4,228,391, granted Oct. 14, 1980, to Witney H. Owen, in 
conjunction with the use of an induction machine hav 
ing two sets of windings. 
A fixed pitch turbine rotor is designed to stall in high 

winds to limit rotor torque. Such winds input consider 
able power to the rotor before stall and, therefore, the 
electrical generator and drive system have to be large 
and strong enough to take the maximum torque that the 
rotor can generate. Thus, the generator must not only 
act as a starter but must be capable of absorbing the 
maximum power output of the rotor. The rotor in turn 
must have the capability to not critically overspeed in 
the event the load is for some reason removed from it. 
One proposed way of limiting the rotational speed of a 
wind turbine rotor is to provide the rotor with a centrif. 
ugal force operated drag brake. This concept is dis 
closed by U.S. Pat. No. 2,058,500, granted Oct. 27, 
1936, to Frederick C. Plucker, in conjunction with a 
small wind turbine system. 

DISCLOSURE OF THE INVENTION 

A wind turbine rotor in accordance with the present 
invention is basically characterized by a quite large 
diameter (e.g. 300 ft.) and a pair of fixed pitch blades 
extending radially outwardly in opposite directions 
from a hub and each having a fixed pitch mid-section of 
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2 
airfoil cross section and a fixed pitch tip section, of 
airfoil cross section. Each blade has a plus twist portion 
adjacent the hub and changes to first a zero twist and 
then a minus twist as it extends radially outwardly from 
the hub. 
Another aspect of the invention is to provide a fixed 

pitch wind turbine rotor of the type described wherein 
the outer end sections of the blades are constructed 
from a lighter material than the remainder of the rotor 
and are thinner and narrower than the remainder of the 
rotor. 
In preferred form, the rotor hub has a central portion 

with no twist, with rounded edges and with a substan 
tially constant thickness between the edges. And, each 
blade smoothly changes into an airfoil cross section as it 
extends radially outwardly from the central portion of 
the hub. 

Preferably, the airfoil profile of each blade changes as 
the blade extends radially outwardly, from a substan 
tially NACA 23028 airfoil profile plus twist, to a sub 
stantially NACA 23023 airfoil profile, to a substantially 
NACA 43018 airfoil profile, to a substantially NACA 
43012 airfoil profile (minus twist). 

In preferred form, the rotor comprises an all steel 
welded hub and each blade comprises an all steel 
welded mid-section and a laminated wood outer end 
section. 

In accordance with another aspect of the invention, 
the outer end section of at least one blade of the turbine 
rotor comprises a main portion including a leading edge 
for the section, and a drag brake forming, trailing edge 
portion which is hinge-connected to said main portion, 
for movement between a retracted position in which it 
forms a streamlined trailing edge for said outer end 
section in a deployed position in which it extends gener 
ally across the chord of the outer end section and func 
tions as an aerodynamic drag brake. 

In preferred form, the drag brake is held in its re 
tracted position by means of a centrifugal force trig 
gered positioning means. The triggering means is 
adapted to operate in response to a centrifugal force of 
a predetermined magnitude to move the drag brake into 
its deployed position, so that the drag brake will operate 
to prevent the turbine rotor from overspeeding. 
Other more detailed features of the invention are 

described in the description of the preferred embodi 
ment and are particularly pointed out in the appended 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings, which show a preferred embodiment 
of the invention, like element designations refer to like 
parts throughout the several views, and 
FIG. 1 is a pictorial view of a wind powered system 

for generating electricity constructed in accordance 
with the present invention, taken from above and look 
ing towards the front and one side of a wind turbine 
installation; 
FIG. 2 is an enlarged scale side elevational view of 

the wind turbine with an upper portion of the wind 
turbine rotor omitted, such view including a solid line 
showing of the turbine rotor at one limit of teeter and a 
broken line showing of the turbine rotor at its opposite 
limit of teeter; 

FIG. 3 is a pictorial view of a generator drive assem 
bly, with some parts being omitted, some being shown 
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in partial section, and others being shown by broken 
lines; 
FIG. 4 is a pictorial view of a teeter connection be 

tween the hub of the turbine rotor and the outboard end 
of the generator drive shaft, with foreground portions 
of the rotor hub and the teeter mechanism being cut 
away, and with opposite limits of teeter movement 
being indicated; 
FIG. 5 is an enlarged scale vertical sectional view 

taken through the upper portion of a support column 
and a lower portion of a nacelle, in the vicinity of a main 
bearing supporting the nacelle for rotation on top of the 
support column, and a drive motor for causing rotation 
of the nacelle relative to the support column, with some 
parts being shown in side elevation; 
FIG. 6 is a fragmentary sectional view taken substan 

tially along line 6-6 of FIG. 5; 
FIG. 7 is a front elevational view of one blade of the 

turbine rotor, the hub and a portion of the second blade, 
shown in two parts; 

FIG. 8 is a cross-sectional view taken susbstantially 
along line 8-8 of FIG. 7; 

FIG. 9 is a cross-sectional view taken substantially 
along line 9-9 of FIG. 7; 
FIG. 10 is a cross-sectional taken substantially along 

line 10-10 of FIG. 7, such view including a solid line 
showing of the drag brake in its retracted position and a 

... broken line showing of the drage brake in its deployed 
is position; 
: FIG. 11 is a cross-sectional view taken substantially 
along line 11-11 of FIG. 7, such view also including a 

is solid line showing of the drag brake in its retracted 
position and a broken line showing of the drag brake in 
its deployed position; 
FIG. 12 is a fragmentary longitudinal sectional view 

in the vicinity of where the wooden outer end section of 
the rotor is attached to the outer end of the intermediate 

'section of the rotor; 
FIG. 13 is a longitudinal sectional view taken in the 

region of the drag brake, including a solid line showing 
of the drag brake in its retracted position and a broken 
showing of the drag brake in its deployed position; 

FIG. 14 is a pictorial view of a fixed, sculptured tip 
section of the rotor; 

FIG. 15 is a sectional view taken substantially along 
line 15-15 of FIG. 7, showing some additional detail of 
the teeter connection between the turbine rotor and the 
outboard end of the generator drive shaft; 
FIG. 16 is a side elevational view of the centrifugal 

force controlled and operated mechanism for position 
ing the drag brake, including a solid line showing of the 
mechanism in a deployed position and a broken line 
showing of the mechanism in a retracted position; 
FIG. 17 is a fragmentary view of the turbine rotor in 

the vicinity of the drag brake operating mechanism, 
with the foreground portion of the rotor cut away to 
disclose the mechanism, said mechanism being shown in 
its retracted position; 
FIG. 18 is a sectional view taken substantially along 

line 18-18 of FIG. 17; 
FIG. 19 is a view like FIG. 17, but showing the oper 

ating mechanism and the drag brake in their deployed 
position; and 
FIG. 20 is a view like FIG. 18, but showing the drag 

brake and its operating mechanism in their deployed 
position. 
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4 
BEST MODE FOR CARRYING OUT THE 

INVENTION 

Referring to FIGS. 1 and 3, the wind turbine 10 com 
prises a tubular tower 12 which may be constructed 
from steel sections which are welded together. The base 
13 of the tower may be bolted or otherwise firmly se 
cured to a reinforced concrete foundation 14. In normal 
soil conditions, a buried octagonal stepped foundation 
configuration may be used (FIGS. 1 and 2). 

In an example installation, the tower 12 is 191.5 feet 
tall and 11 feet in diameter, with base section 13 flaring 
to 21 feet in diameter at the ground. 
A nacelle structure 16 is mounted on top of the tower 

12 for rotation about a vertical axis y (FIG. 5). The 
nacelle structure 16 carries the support system for the 
wind turbine rotor 18 which in the example installation 
measures 304 feet in diameter. The vertical distance 
between the ground and the axis of rotation of the rotor 
18 is 204.5 feet. The vertical clearance between the 
rotor tips and the ground is 52.5 feet. 
A yaw control system connects the nacelle 16 to the 

upper end of the tower 12 and includes a yaw bearing 
20. Bearing 20 is a combination bearing and comprises 
an inner race 22 that is bolted to the nacelle, an outer 
race 24 which is bolted to an upper frame portion of the 
tower 12, and a ring of antifraction elements 26 (e.g. 
rollers set at an angle to the bearing axis) between the 
two races 22, 24. Bearing race 24 is also a fixed ring gear 
having radially outwardly directed teeth (FIGS. 5 and 
6). The teeth of a drive gear 28 which is connected to 
the output shaft of a drive motor 30 meshes with the 
teeth of yaw gear 24. Drive motor 30 may be a hydrau 
lic motor and may include a control system which oper 
ates to power the drive motor 30 as necessary in order 
to rotate the nacelle for maintaining the rotor 18 facing 
into the wind. The yaw system preferably also includes 
a hydraulic brake which functions to provide damping 
during yaw motion. As shown by FIGS. 5 and 6, the 
brake may comprise an annular brake disc 30 which is 
fixed in position relative to the tower 12 and a plurality 
of brake calipers 32 which are carried by the nacelle 
structure 16. Additional brake calipers 32 hold the na 
celle from inadvertent yawing due to the wind loads 
during “no yaw' operation. The brake calipers 32 are 
spring actuated and hydraulically released. This is a 
fail-safe feature assuring that the brakes are applied if 
there is a hydraulic failure. 

In the example embodiment, the raceway diameter of 
bearing 20 is approximately 134 inches in order to han 
dle the large overturning moments and to react the 
rotor torque. 
The tower includes an internal lift 34 which may be a 

suspended staging. By way of example, lift 34 may be of 
the type disclosed by U.S. Pat. No. 2,998,094, granted 
Aug. 29, 1961 to Sidney L. Fisher. The lift 34 ascends 
and decends between ground level and an elevated 
platform 36 which is located near the top of the tower 
12. Entry into tower 12 at ground level is via a door 37. 
Guide cables 38 may be provided for guiding and stabi 
lizing the lift 34. A ladder 40 extends upwardly from 
platform 36 to an access opening in the bottom of the 
nacelle housing 16. 

Referring to FIG. 3, the system includes a drive train 
assembly consisting of a low speed shaft 44, a gear box 
46, a high speed shaft 48, and a rotor brake 54. In FIG. 
3, the rotor brake is shown in the form of a disc 55 
carried by the rotating shaft 48 and a brake caliper 56. 
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The low speed shaft 44 connects the rotor 18 to the 
gearbox input 58. Shaft 44 is supported from the nacelle 
structure by two self-aligning bearings (not shown) 
which engage it at locations 60, 62. Low speed shaft 44 
may include an internal quill shaft 64 which is con- 5 
nected to the input shaft 58 of the transmission 46 by 
means of a flexible coupling (not shown). The use of a 
flexible coupling compensates for misalignment be 
tween the quill shaft 64 and the gear box input shaft 58. 
The gear box 46 is a three-stage planetary gear box. 

In the illustrated example, the step up ratio of gear box 
46 is 95:1. The output shaft of the gear box 46 is at 
tached to the input shaft of machine 42 by means of a 
high speed steel shaft 48. The brake caliper 56 is disen 
gaged by the application of hydraulic pressure. The 
brake is engaged by spring force when the hydraulic 
pressure is relieved. 
The turbine rotor 18 comprises two fixed pitchblades 

68, 70 and an interconnecting hub 72. Each blade 68, 70 
extends radially outwardly from the hub 72 in a direc 
tion diametrically opposite from the other blade. Each 
blade 68, 70 includes a fixed pitch mid-section of airfoil 
cross section and a fixed pitch tip or outer section, of 
airfoil cross section. Preferably, each blade has a plus 
twist inner portion adjacent the hub and changes to first 25 
a zero twist and then a minus twist as it extends radially 
outwardly from the hub 72. As best shown by FIGS. 4, 
7 and 15, the central portion of the hub 72 has a uniform 
thickness and is defined by parallel sidewalls intercon 
nected by rounded edges. Each blade 68, 70 smoothly 30 
changes into an airfoil cross section as it extends radially 
outwardly from the central portion of the hub 72. 

In preferred form, the airfoil profile of each blade 
changes as the blade extends radially outwardly from a 
NACA 230XX airfoil in the inboard region to a NACA 
430XX airfoil in the outboard region. In the example, 
each blade changes from a substantially NACA 23028 
airfoil profile at plus twist, to a substantially NACA 
23023 airfoil profile at zero twist, to a substantially 
NACA 43018 airfoil profile at zero twist, to a substan 
tially NACA 43012 airfoil profile at minus twist. 
The following table shows the blade profile changes 

at the radial stations which are identified in FIG. 7: 

O 

15 

20 

35 

45 
BLADE DESIGN PARAMETERS 

Radial Twist Thickness Chord Airfoil 
Station (Degrees) (Inches) (Inches) Profile 

360 -- 12.0 38.45 126.0 NACA 23028 
925 0.0 22.84 99.29 NACA 23023 50 
1440 - 1.63 14.63 NACA 43018 
1800 - 4.0 4.85 40.39 NACA 43012 
824 -0.0 O.O 0.0 k 

Trailing edge is truncated at this radial station. 
"Tip station. Twist is a constant -4.0 from station 1824 to tip. 

55 
The distributions are linear between the tabulated 

values. 
Preferably, each blade is manufactured in two major 

sections; a mid-section 71 and a tip section 73. In the 
example, the mid-section 71 is 90 feet long and is an 60 
all-steel welded structure. The tip section 73 is approxi 
mately 32 feet long and is constructed from laminated 
wood or another structural material of similar strength 
and weight. 
The two blade sections 71, 73 are bolted together 65 

using steel studs 75 which are embedded in the wood tip 
section. The blade mid-section 71 is attached to the hub 
72 by a field welded splice. The rotor hub 72 in the 

6 
example is 60 feet long and is an all-steel welded struc 
ture. 
Hub 72 is attached to the outer end of the low speed 

shaft 44 by means of a teeter hinge 74 (FIG. 4). Refer 
ring to FIGS. 3, 4, and 15, the outer end portion 76 of 
shaft 44 carries a cross tube 78 which carries a trunnion 
80 at each of its ends. The trunnions 80 are received 
within elastomeric radial bearings 82 which are carried 
by the hub 72. The trunnions 80 are fixed relative to 
tube 78 which is a fixed portion of tube 76 and the shaft 
44 of which it is a part. 
The rotor 18 is free to teeter within the limits pro 

vided by stop mechanisms which consist of yolks 84 
carried by the hub section and abutments 86 which are 
carried by the shaft 44. The yolks 84 open inwardly and 
each comprises a pair of spaced apart arms 88. The 
abutments 86 are positioned within the spaces between 
the arms 88. The distance between arms 88 is larger than 
the dimension of the abutment 86 in the same direction. 
As a result, the rotor 18 can teeter about the trunnion 
axis x until one or the other of arms 88 make contact 
with an associated stop pad 90 carried by the abutments 
86. In the example, the rotor 18 is able to teeter about 
seven degrees away from a perpendicular position rela 
tive to the shaft axis, in either direction. 

FIG. 7 shows that in plan form the tip section 113 has 
a leading edge which angles rearwardly. FIG. 14 shows 
that the tip section 113 decreases in thickness as it ex 
tends outwardly. Thus, in cross section, the tip section 
113 maintains an aerodynamic shape, similar in configu 
ration to the shape shown by FIG. 11, but progressively 
decreases in size. The leading edge progressively 
sweeps rearwardly and the rotor tip 113 progressively 
decreases in thickness from station 1800 outwardly to 
station 1824. A relatively flat back surface is main 
tained, so the decrease in thickness occurs by a reshap 
ing of the front surface of the tip section 113. The front 
surface slopes downwardly as it extends outwardly, to 
provide the tip section taper. 
As shown by FIGS. 7, 13, 18 and 20, the triangular 

trailing edge of each outer or tip section of rotor 18 is 
hinge connected to the rest of the section and is deploy 
able as an aerodynamic drag brake for fail-safe over 
speed control. The trailing edge or brake section is 
pivotally connected at a central side location, so that 
when it is pivoted about 90 degrees from its normal 
position it will present a substantial surface which ex 
tends generally perpendicular to the general plane of 
the airfoil section. 
The drag brakes are automatically actuated by spring 

loaded mechanical trigger systems when the speed of 
rotation of the rotor 18 exceeds a predetermined value. 
The brake sections return to their normal positions 
whenever the rotor speed drops below such predeter 
mined value. The trigger system will now be described 
in some detail. 

Referring first to FIG. 16, the mechanism comprises 
a guide shaft 92 which extends in the longitudinal direc 
tion of the rotor blade and is supported at its two ends 
by brackets 94, 96. A weight 98 is slidably mounted on 
rod 92. Weight 98 may include a support extension 100 
at its outer end. A compression spring 102 is interposed 
between the outer end of extension 100 and a wall of 
bracket 94. Spring 102 normally biases the weight 98 
radially inwardly into the position shown in FIG. 17, 
and the phantom lines of FIG. 16. 
As shown by FIGS. 18 and 20, the brake section 104 

has a generally triangular cross section. It is connected 
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at its apex to a side location of the blade section, for 
pivotal movement about an axis which extends in the 
longitudinal direction of the rotor blade. A perpendicu 
lar control arm 106 is pivotally attached at its outer end 
108 to a location on the brake section 104 that is offset 
from the pivot connection 107. At its inner end 110 arm 
106 is pivotally attached to a right angle link 112. Link 
112 is pivotally attached at its opposite end 114 to the 
support extension 100. When the control weight 98 is in 
its inner position, the connection 110 is located adjacent 
guide shaft 92 and the brake section 104 is in its re 
tracted position. Movement of weight 98 radially out 
wardly causes a rotation of the link 112 and an outward 
movement of rod 106. As rod 106 moves outwardly it 
swings the brake section 104 from its retracted position 
(FIG. 18) out into a deployed position (FIG. 20). 
A first lock means is provided for locking control 

weight 98 into its inner position. A second lock means is 
provided for locking weight 98 into its outer position. 
These lock means are triggered by centrifugal force. 

Referring again to FIG. 16, bracket 96 includes a yolk 
like support 116 at its outer or free end. Support 116 
includes a pair of spaced apart, parallel support arms 
118 and 120. An alignment shaft 122 extends through 
aligned openings in the arms 118 and 120. Shaft 122 
carries a fixed stop member 124. A compression spring 
126 is located between the stop member 124 and arm 
118. A trigger weight 128 is secured to the outer end of 
shaft 122. Spring 126, acting on stop 124, normally 
biases shaft 122 and weight 128 radially inwardly. 

Trigger weight 128 includes a pair of laterally extend 
ing support lugs 130 and 132. Each support lug carries 
a trip member 134 and 136. Members 134 and 136 may 
be in the form of bolts having head portions and 
threaded shank portions. This enables them to be 
threaded into openings carried by the lugs 130 and 132. 
The threaded connection provides a way of fine adjust 
ing the position of the heads by a simple rotation of 
members 134 and 136. 
The headed portions of members 130, 132 are di 

rected towards each other. First end portions of a pair 
of lock levers 138, 140 are positioned in the space be 
tween the heads of members 130, 132. Levers 138, 140 
include opposite or second end portions which are posi 
tioned to extend into the path of weight 98. Levers 138, 
140 are pivotally mounted between their ends to a sup 
port member (not shown) which is attached to a frame 
portion of the rotor. 
We claim: 
1. A fixed pitch wind turbine rotor adapted to be 

mounted for rotation by the wind about a generally 
horizontal axis, comprising: 
an elongated central hub portion with no twist having 

rounded edges and a substantially constant thick 
ness between the edges; 

a pair of fixed pitch blades, each blade extending 
radially outwardly from said hub in a direction 
diametrically opposite from the other blade; 

each said blade having a mid-section of airfoil cross 
section positioned radially outwardly of said cen 
tral hub portion, and a tip section of airfoil cross 
section positioned radially outwardly of the mid 
section; 

each said blade smoothly changing from the substan 
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8 
each blade first changing to first a plus twist and then 

a zero twist and then a minus twist as it extends 
radially outwardly; and 

each said blade tapering in thickness and chord as it 
extends radially outwardly from a location in its 
mid-section through its tip section. 

2. A wind turbine rotor according to claim 1, wherein 
the tip section includes a sculptured tip end portion 
which decreases in thickness as it extends radially out 
wardly, said tip portion having an aerodynamic cross 
sectional shape which progressively decreases in size, 
and having a leading edge which progressively sweeps 
rearwardly, and a relatively flat back surface. 

3. A wind turbine rotor according to claim 1, wherein 
the airfoil profile of each blade changes as the blade 
extends radially outwardly, from a substantially NACA 
23028 airfoil profile at plus twist, to a substantially 
NACA 23023 airfoil profile at zero twist, to a substan 
ially NACA 43018 airfoil profile at zero twist, to a 
substantially NACA 43012 airfoil profile at minus twist. 

4. A wind turbine rotor according to claim 1, com 
prising an all-steel welded hub portion, and wherein 
each blade comprises an all-steel welded mid-section 
and a laminated wood outer end section. 

5. A wind turbine rotor according to claim 4, wherein 
each tip section includes a fixed position blade tip. 

6. A wind turbine rotor, comprising: 
a hub; 
a pair of fixed pitch blades, each blade extending 

radially outwardly from said hub in a direction 
diametrically opposite from the other blades, each 
blade including a fixed pitch mid-section of airfoil 
cross section and a fixed pitch outer end section of 
airfoil cross section having a front surface and a 
back surface; 

at least one of said fixed pitch outer end sections 
comprising a main portion including a leading edge 
for said section, and a drag brake forming, trailing 
edge portion having a generally triangular cross 
sectional shape and an apex region; hinge means 
hinge-connecting said apex region to said main 
portion, for pivotal movement of the trailing edge 
portion relative to said main portion, between a 
retracted position in which it forms a streamline 
trailing edge for said outer end section and a de 
ployed position in which it extends generally 
across the chord of the outer end section and func 
tions as an aerodynamic drag brake, and 

said trailing edge portion having a first side surface 
which forms a part of said front surface when the 
trailing edge portion is retracted, and which ex 
tends generally laterally of said front surface when 
the trailing edge portion is deployed, and a second 
side surface which is concealed against the main 
portion when the trailing edge portion is retracted, 
and which extends generally laterally of the back 
surface when the trailing edge portion is deployed, - 
and a base surface which is a part of the back sur 
face when the trailing edge portion is retracted, 
and which extends generally laterally of the outer 
end section when the trailing edge portion is de 
ployed. 

7. A wind turbine rotor according to claim 6, com 
prising a centrifugal force positioning means normally 

tially constant thickness and rounded edge shape of 65 holding the drag brake in its retracted position, but 
the central hub portion into an airfoil cross section 
as it extends radially outwardly from the central 
hub portion; 

operating in response to the development of a centrifu 
gal force of a predetermined magnitude to move said 
drag brake into its deployed position. 
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8. A wind turbine rotor according to claim 7, wherein 

the positioning means for the drag brake comprises 
weight means mounted in the wind turbine rotor for 
radial translation between an inner position and an outer 
position, and linkage means interconnected between the 
weight means and the drag brake, said linkage means 
holding the drag brake in its retracted position when the 
weight means is in its inner position, and said linkage 
means holding the drag brake in its deployed position 
when the weight means is in its outward position. 

9. A wind turbine rotor according to claim 8, com 
prising a releasable lock member having a lock position 
in which it locks the weight means in its inner position, 
and a centrifugal force operated trigger means for mov 
ing said lock member into an unlocked position in re 
sponse to a centrifugal force of a predetermined magni 
tude, with said weight means being free to move radi 
ally outwardly from its inner position to its outer posi 
tion, in response to centrifugal force, when the lock 
member is in its unlocked position. 

10. A wind turbine rotor according to claim 8, further 
comprising spring means for normally biasing the 
weight means radially inwardly, said spring means func 
tioning to move the weight means from its outer posi 
tion into its inner position when centrifugal force acting 
on said weight means drops below said predetermined 
magnitude. 

11. A wind turbine rotor according to claim 10, com 
prising a second lock member for holding the weight 
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means in its outer position, in opposition to the force of 30 
the spring means, and means for unlocking said second 
lock member when the centrifugal force on the trigger 
mechanism drops below a predetermined magnitude, to 
free the weight means for inward movement. 

12. A wind turbine rotor according to any of claims 
6-11, comprising a drag brake of the type described, 
carried by each blade. 

13. A wind turbine rotor according to any of claims 
6-11, wherein said rotor hub has a central portion with 
no twist, and as the blade extends outwardly from the 
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10 
central portion of the hub, each blade twists to a maxi 
mum plus twist, then to a zero twist and then to a minus 
twist, and wherein the outer end section of each blade 
has a minus twist. 

14. A wind turbine rotor according to any of claims 
6-11, wherein the outer end sections of the blades are 
constructed from a lighter material than the remainder 
of the rotor, and said outer end sections are both thinner 
and narrower than the remainder of the rotor. 

15. A wind turbine rotor according to claim 6, com 
prising linkage means housed within the main portion of 
the outer end section of the rotor, said linkage means 
having an outer end which is connected to the trailing 
edge portion at a location offset from the location of 
hinge connection of the trailing edge portion to the 
main portion, said linkage means being movable out 
wardly during deployment of the trailing edge portion 
to function as a drag brake, said linkage means serving 
to position the trailing edge portion. 

16. A wind turbine rotor according to claim 6, com 
prising a fixed position tip end portion radially out 
wardly of the trailing edge portion. 

17. A wind turbine rotor according to claim 16, 
wherein the tip end portion decreases in thickness as it 
extends radially outwardly, said tip end portion having 
an aerodynamic cross-sectional shape which progres 
sively decreases in size, and having a leading edge 
which progressively sweeps rearwardly, and a rela 
tively flat back surface. 

18. A wind turbine rotor according to claim 15, com 
prising a fixed position tip end portion radially out 
wardly of the trailing edge portion. 

19. A wind turbine rotor according to claim 18, 
wherein the tip end portion decreases in thickness as it 
extends radially outwardly, said tip end portion having 
an aerodynamic cross-sectional shape which progres 
sively decreases in size, and having a leading edge 
which progressively sweeps rearwardly, and a rela 
tively flat back surface. 
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